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The appts. is for translating images originally (partly) stored on 
film. The images are represented by an electronic input signal 
having a number of imput frames of a first frequency and are 
translated to an electronic output signal having a number of output 
frames of a second frequency. A circuit (8) converts the input signal 
to the output signal, and includes a number of storage devices each 
for storing a field of the input signal. 

An address generator controls each of the storage devices and 
an interpolator coupled to the storage deviceis filters the fields of the 
input signal to derive the output signal. A motion estimator (10) 
provides motion vectors for manipulating the read or write 
addresses and manipulating the filtering to compensate for 
movement of objects. USE/ADVANTAGE - For high resolution 
transfer of images from film to video and vice-versa or from one TV 
standard to another where images originate from film. (23dd 
Dwg.No.5/15) - yy 
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(54) Method and apparatus for the standard conversion of an image signal. 



Images may be stored on film or on one of the 
TV/video standards. Film comprises a sequence 
of frames each of which corresponds to the 
same point in time. Video, however, comprises 
a sequence of frames each comprising an inter- 
lace of 2 fields which successively scan the 
image and thus each field does not correspond 
to the same point in time. 

Due to these inherent differences, when con- 
verting from film to one of the TV standards and 
between the TV standards when at least part of 
the image originates on film, distortions are 
introduced particularly when there are any 
objects moving in the image. 

The present invention includes a vector mo- 
tion estimator (10) providing motion vectors 
which are indicative of any objects moving and 
are used to manipulate- the standards converter 
(8) so as to accommodate for the moving 
objects. 
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The present invention relates to an apparatus for and method of image translation and in particular to, but 
not exclusively to, high resolution transfer of images from film to video and vice versa or from one T.V. standard 
to another where the images originated on film. 

In the cinema industry, images are recorded on film. Each image is a single photographic exposure so that 
5 all parts of the image correspond to roughly the same point in time. Typically, but not always, images are cap- 
tured on film at an exposure rate of 24 frames per second. 

In the television industry, images can be stored not only on film but also directly as an electronic video sig- 
nal. It is not uncommon for television programmes to have some of the images recorded on film and some re- 
corded as a video signal. 

w Images when represented as a video signal comprise a number of orthogonal scanning lines formed by 

scanning the image from left to right and top to bottom as the scene is viewed. Consequently, the lower right 
hand parts of any image are scanned at a later point in time than the upper left hand parts. Each of the scanning 
lines contains luminance (brightness) or chrominance (colour) information for the image. 

For each image or frame, the video electronic signal scans twice: a single scan is called a field. Thus, each 

is image or frame comprises two video fields and each video field contains half the lines of an image or frame. 
The lines of the first field overlap the lines of the second field such that the lines are vertically off-set by half a 
line height so that each line of the second field lies between the lines of the first field. This technique is known 
as interlacing. 

Again, the images are captured at a particular frame rate. Due to the history of television, different parts 
20 of the world have adopted different frame rates. The two most common frame rates are 25 frames per second 
or 50 video fields per second comprising 625 lines per image which is most prevalent in the UK and parts of 
Europe and substantially 30 frames per second, that is to say approximately 60 video fields per second com- 
prising 525 lines per image and is most prevalent in North America. When fully encoded with colour information, 
the former is known as PAL (Phase Alternate Line) and the latter is known as NTSC (National Television Stan- 
25 dards Committee). Hereinafter when referring to the PAL standard, one is referring to the frame rate and line 
number and similarly for the NTSC standard. 

In spite of the images being stored on different mediums and at different frame rates, it is highly desirable 
to convert those images from film to video and vice versa and from one TV standard to another. To accommo- 
date for the various frame rates, various techinques are used and the following list the most common types of 
30 conversion. 

1 . Images recorded on film are stored at 24 frames per second. Such images, if replayed at a slightly higher 
rate, namely 25 frames per second can readily be used for the PAL standard which uses 25 frames per 
second or 50 fields per second. Each film frame is repeated to form two video fields. This is shown dia- 
grammatically in Fig. 1 . In this case there is a small problem with the accompanying audio due to the frame 

35 rate being increased by 4%. Furthermore, there is the fundamental difference between film and video in 
that the whole of a film frame relates to the same instant in time, whilst the two video fields making up the 
video frame represent different points in time. This means that the temporal sampling has changed from 
24 samples/sec (or possibly 25) to 50 samples/sec. This difference, while not necessarily unacceptable in 
itself since both the cinema and television industries have been quite happy for many years, becomes no- 

40 ticeabie when a programme is created from both film and video source material. 

2. The conversion process is more complicated when the images are intially stored on film at a frame rate 
of 24 frames per second and it is desired to convert those images to the NTSC standard at 30 frames per 
second or 60 fields per second. This is because of the non-integral relationship of 60 to 24. In general five 
video fields are to be made from two film frames by taking three consecutive fields from one frame and 

45 two consecutive fields from the next frame. This is usually known as 3;2 pulldown conversion or 3:2 ratio 

conversion. When three fields are taken from one frame there will always be a repeated field, but this repeat 
may be of either the first or second field. Since five is an odd number the full cycle is in fact ten fields, or 
four frames, until the full phase is restored. This type of conversion is shown diagrammatically in figure 2. 

3. The above problems are further compounded when the images or some of them are initially stored on 
so film at a frame rate of 24 frames per second which is then converted to the NTSC standard at 30 frames 

per second and then converted to the PAL standard at 25 frames per second. Alternatively, some of the 

images may be stored on film which is then converted to the PAL standard and then to the NTSC standard. 

An example of the above three types of conversion can be found in U.S. Patent No. 4,998,167 by Jaqua. 

The conversion process between TV standards is relatively straight-forward. That is to say converting irn- 
55 ages stored on NTSC at 30 frames per second to images stored on PAL at 25 frames per second and visa 
versa. Here one must take into consideration the different frequencies, the different number of lines and the 
different formats of encoding the electronic signal. This conversion process is known in the art as Standards 
Conversion. However, Standards Conversion per se is not the subject of the present invention. Some under- 
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standing of Standards conversion is however required to appreciate the present invention 

An early Standards Converter was known as the ACE Standards Converter which used a 4 field 4 line 
aperture. It entered service in the early 1 980s and is still in use today. Subsequent improvements have centred 
around the size, power, consumption, stability, reliability and decoder performance over the intervening ten 

y©3rs. 

Television is a complex sampling process. That is to say, the image is sampled temporally at the PAL or 
NTSC standard so that each point or location in the image is regularly sampled at the relevant frequency Each 
image is then sampled vertically by the scan lines progressing from the top to the bottom of the screen using 
the line structure. If the signal is to be processed digitally it will be further sampled horizontally on a pixel basis 
resulting in a three dimensionally sampled signal. Standards conversion is thus the process of transferring the 
signal from one or more of these sample rates to another. 

Creating one sequence of regular samples from another is known as interpolating, and is a quite well un- 
derstood form of digital filtering. Forfurther reference information on interpolating, one can find relevant details 
in BBC Research Department Report No 1 984/20 or UDC 621 .397.65. 

In essence, the value of each sample at the new sample points is calculated by summing weighted con- 
tnbut.ons from the nearest input samples. How many input samples need to be used, and the relative weightings 
to be applied to them, are decisions made by the designer, and govern the compromise between cost com- 
plexity and performance. The overall family of weighting factors is known as the •aperture" of the filter since it 
represents the window of input samples which are used to create each output sample. 

Television standards conversion is not simply the application of a temporal aperture, to convert the field 
frequency, and a vertical aperture to convert the line frequency. Field interlace means that each field sample 
is dtsplaced verhcally from its predecessor and successor by half a line, therefore vertical and temporal resam- 
pling are interrelated which can be achieved by a two dimensional non-separable interpolator 

It is generally agreed that for high quality processing the aperture should have a minium width of four field 
lines and four fields. This means that every output line is made up from weighted contributions from the four 
nearest lines on the four nearest fields, making 16 in all. The relevant weights, orfilter coefficients, depend on 
the relative position of the output line with respect to the input lines and field timing. This is shown diagram- 
matically in figure 3. a 
In all cases however whether converting from film to TV or between TV standards, due to the different meth- 
30 ods of stonng those images and the different frame rates, some distortions of the image are introduced when 
converting from one type to another. Some of these distortions are concerned with grey scale and colorimetric 
differences and ways of minimizing some of these distortions are well known and do not form the subject of 
the present invention. However, there is one particular type of distortion which is particularly apparent when 
converting moving, objects in images. A moving object is that which is in a different location within the image 
35 on successive frames or successsive fields. 

In the aforementioned U.S. Patent by Jaqua, a motion detector is used to determine if there have been 
any editing cuts so as to disturb the field sequence. The motion detector does not however provide information 
on any moving objects so as to improve the resolution of the conversion. 

In contrast, some allowance has been made for object movement when converting from one TV standard 
w to another. 

When using a two dimensional interpolator, for example, it has acceptable resolution with stationary im- 
ages. There is some loss of vertical resolution, but this is inherent to an interpolating filter. Thus as conversion 
of stationary images is a spatial conversion, relatively high resolution can be obtained.However, the same could 
not be said for moving images as the conversion is not then just spatial. Any motion in the scene will thus appear 
45 as multiple images on the output since four input fields contribute to each output The quality of this motion 
portrayal is a compromise between blurring and irregular motion known as judder (a form of aliassing), and is 
controlled by the selected aperture coefficients. 

Aliassing is a type of distortion and juddering is the visual effect of aliassing. Aliassing is caused by a sam- 
pled signal containing frequencies above one half of the sampling frequency. This results in erroneous frequen- 
50 ces appeanng in the signal which are indistinguishable from the same frequencies had they been in the original" 
hence the term aliassing. In a temporally sampled signal, such as television, the erroneous frequencies result 
in the irregular motion of objects, which, unless indistinct due to blurring, will appear to judder. 

Hitherto, some standards converters have detected the presence of motion and modified the apertures 
used to provide a high vertical resolution for stationary images, whilst low resolution, i.e. a different aperture 
is used for moving images. This technique is known as motion adaptive interpolation. Full details of motion ada- 
ptive interpolation can be found in International Broadcast Engineer March 1989 p. 40-43 inc Among the 
problems associated with adaptive interpolation in the standards converter is that the result is often an obvious 
change in resolution as soon as any movement occurs in the picture. 
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Recent developments in digital signal processing have enabled real time analysis of video signals so as 
to provide allowances ior motion when converting from one standard to another. In essence, the conversion 
process utilizes an analysis of the incoming video to generate motion vectors describing movement within the 
sceneand uses them to allow for the deficiences of the conversion process. 
5 A motion vector describes the motion of all or part of an image. It represents both the direction and scale 

of the motion. 

Thus another way of allowing for movement in standards conversion is called motion compensation which 
uses these motion vectors. A basic diagram of such a motion compensator as applied to the input video signal 
can be found in figure 4. For further information regarding motion compensation, please refer to Shimano et 

w al. 1 989. - Movement Compensated TV Standards Converter using motion vectors, SMPTE Proceedings 1 989. 
The resolution from such motion compensation is, however, highly unsatisfactory. 

Thus, the problem sought to be overcome by the present invention is to accommodate for objects moving 
in an image when converting from film to one of the TV standards or when converting between TV standards 
when part or all of the image originates on film. In the former case, to date no techniques have been known to 

15 make allowances for moving objects. In the later case, the two stages of conversion introduce and compound 
the distortions. As discussed above, standard converters with some form of motion compensation are known. 
Such standards converters are not able to provide high resolution when some of the images originate from film. 
Furthermore, such conversion has hitherto badly accommodated for the intermediate video tape being edited 
and thus disturbing the field sequence. 

20 Hence an aim of the present invention is to provide an apparatus for and method of image translation when 

at least part of which originates on film and which has a higher resolution than known to date. 

According to the present invention there is provided an apparatus for translating images at least part of 
which were originally stored on film, said images being represented by an electronic input signal having a num- 
ber of input frames of a first frequency and being translated to an electronic output signal having a number of 

25 output frames of a second frequency, said apparatus comprising; . . 

means for converting said input signal to the output signal, said converting means including a number 
of storage means each for storing a field of the input signal; an address generator for controlling the or each 
of the storage means; an interpolator coupled to the or each of the storage means for filtering the fields of the 
input signal having been stored in the storage means to derive the output signal; characteriseri by: 

30 a motion estimator for providing motion vectors of any objects moving in the image, said motion estimator 

is coupled to said address generator for manipulating the read or write addresses and is coupled to the inter- 
polator for manipulating the filtering thereby to compensate for movement of objects in the image. 

According to the present invention there is provided a Standards Converter for converting images between 
one TV standard to another in which at least a part of the images were originally stored on film, said images 

35 being represented by an input signal having a number of input frames in the input TV standard and being trans- 
lated to an output signal having a number of output frames in the output TV standard, said Standards Converter 
comprising; 

a number of storage means each for storing a field of the input signal; an address generator for controlling 
the or each of the storage means; an interpolator coupled to the or each of the storage means for filtering the 
40 fields of the input signal having been stored in the storage means to derive the output signal; characterised by: 
a motion estimator for providing motion vectors of any objects moving in the image, said motion estimator 
is coupled to said address generator for manipulating the read or write addresses and is coupled to the inter- 
polator for manipulating the filtering thereby to compensate for movement of objects in the image. 

According to the present invention there is provided a telecine for translating images originally captured 
45 on film to a video signal,. in which said images are represented by an electronic input signal having a number 
of input frames of a first frequency and being translated to said video output signal having a number of output 
frames of a second frequency, said telecine comprising; 

means for converting said input signal to the output signal, said converting means including a number 
of storage means each for storing a field of the input signal; an address generator for controlling the or each 
50 of the storage means; an interpolator coupled to the or each of the storage means for filtering the fields of the 
input signal having been stored in the storage means to derive the output signal; characterised by: 

a motion estimator for providing motion vectors of any objects moving in the image, said motion estimator 
is coupled to said address generator for manipulating the read or write addresses and is coupled to the inter- 
polator for manipulating the filtering thereby to compensate for movement of objects in the image. 
55 According to the present invention there is provided a method of translating images at least part of which 

were originally stored on film, said images being represented by an electronic input signal having a number of 
input frames of a first frequency and being translated to an electronic output signal having a number of output 
frames of a second frequency, said method comprising; 
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converting said input signal to the output signal including storing one or more fields of the input signal 
each in a respective storage means and interpolating across the or each field of the input signal having being 
stored in the respective storage means, characterised by 

generating motion vectors of any objects moving in the image and manipulating the storage and inter- 
5 polation steps using said motion vectors to compensate for objects moving in the image. 

Embodiments of the present invention will now be described with reference to the accompanying drawings 
of which: 

. Figure 1 is a block diagram illustrating conversion of film frames to field frames of a PAL standard; 
Figure 2 is a block diagram illustrating conversion of film to an NTSC standard using a technique known 
10 as 3:2 ratio conversion; 

Figure 3 is a schematic diagram of the lines and fields contributing to an aperture when using four fields 
and four lines in Standards Conversion; 

Figure 4 is a block diagram of a vector motion estimator being applied to a video signal undergoing con- 
version from one standard to another; 
is Figure 5 is a schematic block diagram of a preferred embodiment of the present invention used to translate 

images from one standard to another; 

Figure 6 is a schematic block diagram in more detail of the standards converter and vector motion estimator 
according to the preferred embodiment; 

Figure 7 is a graph illustrating an object in constant motion over four fields; 
20 Figure 8 is a graph illustrating a moving object previously stored on film and how it would appear on four 

video fields. 

Figure 9 is a graph and table illustrating a moving object originally stored on film being converted to a video 
electronic signal where the output field is between two non co-sited input fields; 

Figure 10 is a graph and table illustrating a moving object originally stored on film being converted to a 
25 video electronic signal where the output field is between two co-sited input fields; 

Figure 1 1 is a graph illustrating a moving object originally stored on film having undergone a 3:2 conversion 
to a video electronic signal; 

Table 1 lists the required address offsets for the five different types of output fields as shown in figure 1 1 ; 
Figure 12a and 12b are schematic block diagrams illustrating the manipulation of the read or write address- 
30 es of the address generator by the motion estimator, 

Figure 13 is a block diagram illustrating conversion of film frames to field frames of a PAL standard using 
motion estimation signals; 

. Figure 14 is a block diagram illustrating conversion of film frames to field frames of an NTSC standard using 
motion estimation signals; and 
35 Figure 1 5 is a block diagram illustrating conversion of film frames to fields of an NTSC standard and then 

to fields of a PAL standard using motion estimation vectors. 

To reiterate, the present invention is directed towards an apparatus for and method of image translation 
when part of the image originates on film providing high resolution particularly where there are moving objects 
in the image. This is achieved by utilizing known motion vectors in a novel manner so as to compensate for 
40 objects moving in the image. Such high resolution of moving images has become increasingly more important 
with the introduction of high definition television systems. 

Figure 5 illustrates the preferred embodiment of the present invention. The preferred embodiment may be 
used to convert images orignally stored on film to a video electronic signal of either of the most common stan- 
dards or from one standard to another. The output rould be stored as another video standard or transmitted - 
45 directly. 

In order to convert images originally stored on film it is first converted to a video electronic signal at a frame 
rate of 24 frames per second by an apparatus 2 known as a telecine. Some known telecines, rather than gen- 
erating a video signal of sequential fields, generate a video signal of each frame. This video signal of each frame 
is then stored in a memory known as a frame store. When reading from the frame store, alternate lines are 

so read to create the two sequential fields for each frame as in a normal video signal. Alternatively, the preferred 
embodiment may be used to convert a video electronic signal by replaying a video tape replay 4 which can be 
switched between PAL at 50 Hz or NTSC at 60Hz. 

Any one of these signals is then applied to an apparatus 8 known as a standards converter. The standards 
converter 8 is usually used to convert from one television standard to another but when converting from film 

55 to video it may not be required to change the field or line frequencies. The conversion is controlled by timing 
information from the input and output signal. The input and output signals each contain information regarding 
the start and end of the frame, fields and lines. It is this information which is used to control the standards con- 
verter 8. A further control is also applied to the standards convener 8 to dictate what conversion frequencies 
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are relevant for any particular conversion. 

A vector motion estimator 1 0 receives the input video signal to analyse the motion in the image. The vector 
motion estimator is coupled to the standards converter providing motion vectors to compensate for moving ob- 
jects in the image. The converted images are then output to a video tape recorder 12 or directly transmitted 
5 via a transmitter 14.- 

The preferred embodiment of the present invention is illustrated in more detail in figure 6. From this diagram, 
one can clearly identify the input video signal being applied to both the standards converter 8 and the vector 
motion estimator 1 0. The standards converter 8 comprises a memory of N stores 1 to N where N is an integer 
and typically equals 4. Thus, if each store 16 holds one field of video information, the memory at any one time 

10 stores four fields of the electronic video signal. 

Alternatively, there may be only two stores 16 which is actually simpler to implement but the conversion 
does not have the same performance of brightness changes and vector inaccuracies. An optimum compromise 
between the standards converter 8 becoming too complex and adequate resolution on translating images has 
been found when there are four fields stored at any one time in the standards converter. 

15 The fields are stored usually by controlling the addresses into which each pixel is written such that the ad- 

dresses move monotonically across and down the store. Typically, each store 16 comprises a random access 
memory (RAM) 

Each store 1 6 is designed to hold one field of video information from the video electronic signal. An address 
generator (18) controls the storing of such video information by controlling the read and write address sent to 

20 the stores 1 6. Again the timing information from the input and output signals is supplied to the address generator 
18 to control the fields being stored in the stores 16 by way of the read and write addresses. 

A discussed previously, the standards converter 8 includes an interpolator 20. The interpolator 20 receives 
timing information of the input video signal to generator a set of coefficients. Details of the interpolation are not 
significant to the present invention and various methods can be used. 

25 One suitable method is described in the aforementioned BBC Research Department Report numbered RD 

1984/20 or UDC 621.397.65 entitled Digital Standards Conversion: Interpolation Theory and Aperture Synthe- 
sis. This document describes the derivation of a 2 dimensional non-separable filter particularly suited to stan- 
dards conversion, but this is by no means the only type of filter that may be used. 

The coefficients 1 to N from the interpolator 20 are used to control the relative weighting of the output signals 

30 from each store 1 6, to N. When converting from one standard to another, this enables lines to be created where 
no lines existed previously from the adjacent four field lines over four fields. All the weighted contributions are 
then summed to provide the video output signal. As shown in figure 6, this is achieved by N multiplers 22 each 
coupled to an adder 24. However, alternative arrangements are envisaged such as the use of a multipler and 
summer for each stage arranged in a cascade. 

35 Since, the conversion is a sequentially sampling process, 4 fields are initially stored and interpolated and 

then the successive 4 fields are stored and interpolated. That is to say, the first 4 fields a to d are supplied and 
then b to e and then c to f and so on. 

As stated previously, the details of the motion estimator 10 are not significant to the present invention. How- 
ever, details can be found in many articles, for example BBC Research Department Report (No. RD 1987/11 

40 or UDC 621 .39.3). Many vector motion estimators can provide motion information to a resolution to at least as 
fine as a signal picture element or pixel. If the resolution is better than a single pixel and it is expected that with 
increasing development work on vector motion estimators then such better resolution will be obtainable, then 
. the standards converter 8 can use such sub-pixel data. _ 

The vector motion estimator 1 0 is coupled directly to the input video signal. The output of the vector motion 

45 estimator .10 is directly coupled to the address generator 18 and interpolator 20 of the standards converter 8. 
By such direct connection, this leads to two ways in which the resolution of the translated images is vastly im- 
proved. 

The vector motion estimator 10 is coupled to the address generator 1 8 to provide motion vectors so as to 
compensate for moving objects in the image. This can be achieved in two ways both of which involve manip- 

50 ulation of the read or write addresses. 

The first way involves the address generator 18 assigning each pixel of the input video signal to the cor- 
responding element in the store. In this case, the motion vectors are used to anticipate where the object has 
moved with respect to the image on successive or adjacent fields and provides read information to the location 
in the successive or adjacent store where the object is now stored. With reference to figure 12a, the vector 

55 motion estimator 1 0 has identified an object in the first video field in location A. The address generator 1 8 stored 
the object in its corresponding location A in store 1 6 V However, as the vector motion estimator 1 0 has detected 
the movement of the object, it provides a motion vector giving the scale and direction of movement to t!.~ ad- 
dress generator 18. Thus, a new read address is generated from the motion vector so that on the successive 
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store 162 the image is read from location B which is the location the vector motion estimator 10 anticipates the 
image to move to. r 

-a alte [" ative method is for * B ""to" vector s to manipulate the write address of the address generator 
18. Ths enables a moving object to be stored in the first field in the location where the object has moved to in 
the success.ve field. Wrth reference to figure 12b. the vector motion estimator 10 detects an obje* Jnl<* fe 
mov,ng and which should be stored in store 16, at location A. However, through manipulation of the write ad- 
dress, the object ,s stored at location B which is the location the object moves to in the next field which is stored 
in store 16* The read addresses for the first field are not manipulated as the moving object is already in the 
same location as the next field. y me 

In each case, the information relating to the moving object is taken from each of the four fields for suitable 
weighting to provide requisite information for the output video signal 

intJ^?^ m0t K i °"« simat ° r 10 is also ^P'ed to the interpolator 20. The motion vectors provided to the 
interpolator 20 enabte the coefficients to be modified so as to alter the particular weight applied to each of the 
output signals from the stores 16. Since the vertical addressing of each field store may be changed by the motion 

f^^ZTT^ nUmber ° f ^ ,ineS ' 80 thea P* rah "e coefficients used by the interpolator also need 
to be modified by the motion vectors. Thus, the video signal of a moving object can be correctly filtered even 
rf the scanning lines have changed. 

In summary, the motion vectors are used to manipulate not only the location of storage of a moving object 
but also the weight applied to it. «v»ig«"jw 

Detail of the processing will now follow using the preferred embodiment of fourfields of the input video sig- 
nal, t ,s also assumed that the motion is linear over the four fields and although this does introduce errors for 
non-linear movement, the practical effect of such errors is not significant 

An object in constant motion over four field is shown in figure 7. The direction of motion, shown as down 
in ttie drawing, can be any direction in the real scene. Each of the fourfields. F-, F-, F+ and F~, represent a 
fie d on the input video signal and the small square is the object moving a constant amount. V. during each 
field interval. Dunng the conversion process the output field will generally be at some point between two input 
fields. In figure 7 this is shown by the broken line. T. and the inter-field spacing is shown by a. Thus, a vanes 
between 0 and 1 according to the timing of the output field T, with respect to the two nearest input fields F- and 
r+ in figure 7. 

That is to say when a = 0 the start of the output field is co-incident with the start of the first input field 
When a = 1 the end of the output field is coincident with the end of the second input field 

By knowing a and the amount of motion. V. the position of the object at time T is also known. This is shown 
by the broken line. P. in figure 7. The displacement of the object on each of the four fields F- F- F + and F++ 
is given as follows: ' ' 

5F - = (1 + or) V 6F + = (-1 + a) V 

8F ~ =aV 5F + + = (-2 + a) V 



These displacements depend solely on a. V and the time of the field with respect to T 
By adusting both horizontally and vertically the memory address used to read from or write to the four stored 
fields, F~. F-, F+ and F++, by the corresponding offsets, then the images of a moving object obtained from the 
four stores can be aligned to the nearest pixel. Subsequent interpolation carried out over the fourfields will 
45 then occur between images which are spatially coincident to an accuracy limited by the accuracy of the com- 
pensation system. The relative coefficient weighting applied to the four fields can be made dependant on a to 
giveran appropriate temporal response. The effect of positional errors in the compensation system is reduced 
by the temporal filtering imposed by the interpolating aperture. 

Limitations of the process are the general accuracy of the generated vectors, and how vector failures are 
so handled. These faHures can occur on the edges of moving objects and create the difficulty of revealed or con- 
cealed backgrounds. This happens when the s ys tem •k.ows' an object has moved but doesn't 'know' the back- 
ground that has subsequently been revealed. In practice the system should gracefully fall back to a linear 4 
field converter but this st.ll leaves a part of the problem which appears as -tearing' behind moving objects. How- 
ever there are known techniques which help to minimise this problem and these are not the subject of the pres- 
55 . ent invention. 

Thus motion compensation can be applied when translating images from one medium to another or from 
one standard to another. In respect of each of the three most common conversions required, the present in- 
vention will now be descnbed with reference to those particular conversions. 



EP 0 514 012 A2 

1 . Hitherto, when converting film to the PAL standard, the film is usually converted by replaying the film at 
25 frames per second rather than 24 frames per second. Alternatively, the film is sometimes exposed at a frame 
rate of 25 frames per second which can be more easily converted to the PAL standard. As discussed previously, 
in the former conversion, this 4% increase in frame rate has created problems in the associated audio but mod- 

5 ern digital signal processing can correct for the pitch change. In either case, however each pair of fields in the 
output video signal is derived from the same film frame at the same point in time as shown in Figure 1 . This is 
unlike direct video signal which has successive fields at a different point in time. 

In the preferred embodiment, one disregards the effects of interlace so that a moving object from film will 
appear on four video fields as shown in figure 8. 

10 In this case the motion should be measured over a frame period or possibly over a field period and stored 

for one field. In general, the former is preferred because ot simpler control, and similarities in handling of the 
vectors. Note that in either case the actual measured vector is still the motion over a frame period, and is thus 
double that described earlier and used in normal standards conversion. 

Schematically a simple case may be described in figure 13 where one of each pair of fields is derived di- 

15 rectiy from a film frame, and the alternate field is derived from a compensated mean of two or more frames. 
This is the case where a (as described earlier) is zero. A more general case is where a is non-zero, when each 
field is derived from weighted contributions from two or more motion compensated frames. 

If the two nearest fields to the required output field have been derived from the same input frame (then it 
is considered to be temporally 'co-sited' and this is shown in figure 10. Conversely if the two input fields have 

20 been derived from separate frames then they are considered temporally *non-co-sited\ and this is shown in 
figure 9. Accordingly, the resolution of the resultant video output signal is greatly improved. 

That is to say, when the timing of the output field corresponds to a time between two input fields which 
have been derived from the same field frame then these two fields are co-sited. When the output field is timed 
between two fields from differing film frames when they are non-co-sited. 

25 Since the system has been designed around a 4 field converter offsets are applied to all 4 fields. In practice 

a 2 field aperture could be used to reduce some of the motion compensation artifacts but the 4 field aperture 
improves the response to brightness changes and residual registration errors from incorrect vectors as dis- 
cussed above. 

In a direct 25fr/s film to 50Hz video transfer a will be generally constant although, it will in fact vary slowly 

30 if the converter is synchronising the signal between two siightiy different scanning references. However, to allow 
for the conversion from 24fr/s film to 50Hz video, a must be allowed to take a range of values. 

Normally the interpolation will alternate between the co-sited and non-cosited cases on each field, but the 
phase of this switching must be correct. This is another function of the motion estimator which must recognise 
the co-sited fields. This is achieved since if there is, by some means of averaging, a low overall difference be- 

35 tween two successive fields then they are likely to be derived from the same original film frame, or there is little 
or no motion in the sequence (in which case the distinction between co-sited and non-co-sited is not important). 
If there is a significant difference then the two fields will have been derived from separate frames, i.e. non-co- 
sited. There is also the possibility that there has been an editing cut which would may cause a discontinuity in 
the sequence, and will also cause a large field difference. 

40 2. The preferred embodiment is also applied when converting film to the NTSC standard at 30 frames per 

second. This is more complex than converting to the PAL standard and is usually done by 3:2 conversion as 
discussed previously and as shown in figure 2. In this case, alternate frames A, C have a repeated field. Again, 
duplication of fields means that the same fields are at the same point in time which is unlike direct video signal 
and introduces errors with moving objects. 

45 When motion compensation is applied to this conversion, each output field is derived from three of the input 

framesas shown in figure 14..As the contribution from each input frame is motion compensated, the resolution 
of the output video signal is vastly improved. It should be noted that it is not important that three frames con- 
tribute to each output field and indeed the number of frames may vary according to the accuracy required from 
the motion estimation process. 

50 The manner in which the motion estimation is applied is identical to that shown in figures 9 & 10. However, 

the phasing of co-sited and non co-sited fields is more complsx. A further difficulty is a null vector field whenever 
a third field has been derived from a single frame. This can be overcome by using an earlier vector field suitably 
delayed. 

Instead of alternating between co-sited and non co-sited fields the sequence is more complex. It is generally 
55 of the form: 

c c n c n etc 

where c represents temporally co-sited fields and n represents non co-sited fields. 

It is important that the motion estimator 10 detects the correct phasing of this sequence and controls the 

8 
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converter accordingly, which includes the masking of the missing vector field mentioned above. This phasing 
is particularly important when the film is transferred to videotape before motion compensation is applied since 
any subsequent editing may disturb the regular 3:2 sequence. 

- To interpolate smooth motion over the five field sequence, a is no longer adequate on its own and a sep- 
5 arate variable, p, is used which again varies lineariy from 0 to 1 over the whole sequence. However, unlike a 
which is a measure of the timing of the output field, T, with respect to the two nearest input fields, p is a measure 
of the timing of the output field, T, with respect to its position in the 5 field sequence. In this time interval the 
total motion is 2V, since two frame periods have elapsed and so the motion gradient is (2/p)V per field. 

Instead of simply co-sited and non co-sited fields, as in the earlier cases, there are now five separate field 
10 types. These are shown diagrammatically in figure 1 1 and the required vector offsets on each field for each of 
the field types is shown in Table 1. In this table, each of the letters p, q, r, s and t represent the timing of the 
output field T for that partiufar field. 

3. Hitherto, the greatest errors have been encountered when transferring images previously subjected to 
the 3:2 ratio conversion to the PAL standard at 25 frames per second. If motion compensation according to the 
. 15 present invention as described in the previous section has already been applied in the first stage of the con- 
version then subsequent conversion should be done using 'conventional' standards conversion with or without 
known motion compensation techniques. If, however, the first stage to the NTSC standard involves no motion 
compensation then motion compensation according to the present invention should be applied in the standards 
conversion to PAL stage. The transfer to the PAL standard also requires vertical interpolation as usual for a 
20 change of standard, but the relative time, p, changes more rapidly and is more complicated to calculate. 

Each field of the output video signal has contributions from four input fields as shown in figure 15. Accord- 
ingly, since the motion estimator can detect the phase of the 3:2 conversion the correct input fields contribute 
to each output field. 

An additional advantage of the ability of the motion estimator to calculate the phase of the 3:2 ratio con- 

25 version, is that it is possible to convert the image even when part of the image sequence was stored on film or 
directly as a video electronic signal. An even greater advantage of being able to detect the phase of the 3:2 
ratio conversion is to accommodate for when the ratio conversion is not continuous as which often happens 
after editing. This is because the motion estimator always measures the relative displacement and the address 
generator and interpolator compensate accordingly. 

30 The aforegoing description has been given by way of example only but modifications may be made without 

departing from the scope of the present invention. For example, although the present invention is mainly applied 
to the conversion of images from film to video and between video standards, the present invention can also be 
used for the inverse operation of transferring video to film. In this case, the interlaced video signal is effectively 
converted to a sequential scan before conversion to film. Indeed, the motion compensation is of great benefit 

35 to interlace to sequential conversion in general. 

Furthermore, the present invention is also applicable to converting from the PAL standard to the NTSC stan- 
dard when part or all of the original image comes from film. 

Also, it should be noted that the embodiments illustrated in figures 5 & 6 are not limitative. For example, 
the vector motion estimator 10 may be incorporated in the telecine 2 and used solely for converting from film 

40 to one of the TV standards. Alternatively, the vector motion estimator 1 0 may be incorporated in the standards 
converter 8. Otherwise, given the compatibility of the standards converter 8, the vector motion estimator 10 
may be separate therefrom. 

45 Claims 

1. An apparatus for translating images at least part of which were originally stored on film, said images being 
represented by an electronic input signal having a number of input frames of a first frequency and being 
translated to an electronic output. signal having a number of output frames of a second frequency, said 
so apparatus comprising; 

means (8) for converting said input signal to the output signal, said converting means including a 
number of storage means (16) each for storing a field of the input signal; an address generator (18) for 
controlling the or each of the storage means; an interpolator (20,22,24) coupled to the or each of the stor- 
age means for filtering the fields of the input signal having been stored in the storage means to derive the 
55 output signal; characterised by: 

a motion estimator (1 0) for providing motion vectors of any objects moving in the image, said motion 
estimator (10) is coupled to said address generator (18) for manipulating the read or write addr -~es and 
is coupled to the interpolator (20,22,24) for manipulating the filtering thereby to compensate for movement 
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of objects in the image. 

2. A Standards Converter (8) for converting images between one TV standard to another in which at least a 
part of the images were originally stored on film, said images being represented by an input signal having 
a number of input frames in the input TV standard and being translated to an outputsignai having a number 
of output frames in the output TV standard, said Standards Converter comprising: 

a number of storage means (16) each for storing a field of the input signal; an address generator 
( 18) for controlling the or each of the storage means ( 16); an interpolator (20,22,24) coupled to the or 
each of the storage means for filtering the fields of the input signal having been stored in the storage means 
to derive the output signal; characterised by: 

a motion estimator (1 0) for providing motion vectors of any objects moving in the image, said motion 
estimator is coupled to said address generator (18) for manipulating the read or write addresses and is 
coupled to the interpolator (20,22,24) for manipulating the filtering thereby to compensate for movement 
of objects in the image. 

3. An apparatus or Standards Converter as claimed in claim 1 or 2, further comprising a telecine (2) from 
which the input video signal is replayed. 

4. An apparatus or Standards Converter as claimed in claim 3 when dependent on claim 1, in which the mo- 
tion estimator (10) is included in the telecine (2). 

5. An apparatus or Standards Converter as claimed in any one of the preceding claims, in which the first fre- 
quency comprises 24 frames per second and the second frequency comprises 25 frames per second. 

6. An apparatus or Standards Converter as claimed in any one of claims 1 to 4, in which the first frequency 
comprises 24 frames per second and the second frequency comprises substantially 30 frames per second. 

7. An apparatus or Standards Converter as claimed in any one of claims 1 to 4, in which the first frequency 
comprises 25 frames per second and the second frequency comprises substantially 30 frames per second. 

8. An apparatus or Standards Converter as claimed in any one of claims 1 to 4, in which the first frequency 
comprises 30 frames per second and the second frequency comprises 25 frames per second. 

9. A telecine (2) for translating images originally captured on film to a video signal, in which said images are 
represented by an electronic input signal having a number ot input frames of a first frequency and being 
translated to said video output signal having a number of output frames of a second frequency, said tel- 
ecine comprising; 

means (8) for converting said input signal to the output signal, said converting means including a 
number of storage means (16) each for storing a field of the input signal; an address generator (18) for 
controlling the or each of the storage means (1 6); an interpolator (20,22,24) coupled to the or each of the 
storage means for filtering the fields of the input signal having been stored in the storage means to derive 
the output signal; characterised by: 

a motion estimator ( 1 0) for providing motio n vectors of any objects moving in the image, said motion 
estimator is coupled to said address generator for manipulating the read orwrite addresses and is coupled 
to the interpolator for manipulating the filtering thereby to compensate for movement of objects in the im- 
age. 

10. A telecine as claimed in claim 9, in which the first frequency comprises 24 frames per second and the sec- 
ond frequency comprises 25 frames per second. 

11. A telecine as claimed in claim 9, in which the first frequency comprises 24 frames per second and the sec- 
ond frequency comprises substantially 30 frames per second. 

12. An apparatus, Standards Converter or a telecine as claimed in any of the preceding claims, in which each 
of the output fields includes motion compensated interpolated images from more than one input frame. 

13. An apparatus, Standards Converter or a telecine as claimed in any of the preceding claims, in which each 
of the storage means comprises a random access memory. 

14. An apparatus, Standards Converter or a telecine as claimed in any of the preceding claims, in which there 
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are four storage means across which the interpolater interpolates/ 

15. An apparatus, Standards Converter or a telecine as claimed in any of the preceding claims, in which the 
interpolater includes a number of multipliers (22) and an adder (24), each multiplier being coupled to a 

5 respective storage means and the adder. 

16. An apparatus, Standards Converter or a telecine as claimed in claim 15, in which the multipliers and the 
adder are arranged in cascade. 

w 17. A method of translating images at least part of which were originally stored on film, said images being rep- 
resented by an electronic input signal having a number of input frames of a first frequency and being trans- 
lated to an electronic output signal having a number of output frames of a second frequency, said method 
comprising; 

converting said input signal to the output signal including storing one or more fields of the input sig- 
1S nal each in a respective storage means (16) and interpolating across the or each field of the input signal 

having being stored in the respective storage means, characterised by 

generating motion vectors of any objects moving in the image and manipulating the storage and 
interpolation steps using said motion vectors to compensate for objects moving in the image. 
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